The tumor microenvironment in lung cancer plays an important role in tumor progression and metastasis. Bone marrow-derived mesenchymal stem cells (MSCs) co-cultured with A549 lung cancer cells show changes in morphology, increase cell proliferation, and cell migration. This study aimed to investigate the effects of Astragalus polysaccharide (APS), a traditional Chinese herbal medicine, on the changes induced in bone marrow-derived MSCs by A549 lung cancer cells in vitro.
Background
Tumorigenesis depends on intercellular communication and other extracellular signals between tumor and mesenchymal cells and the tumor microenvironment [1] . The tumor microenvironment influences tumor progression and metastasis [2] . The complex milieu of non-malignant cells in the tumor microenvironment contributes to tumor progression by cell-cell interaction [3] . Bone marrow-derived mesenchymal stem cells (MSCs) are progenitor cells that can differentiate into a variety of somatic lineages and contribute to the maintenance and regeneration of several tissues, including bone, adipose tissue, cartilage, and muscle [4] .
In the tumor microenvironment, the interaction between bone marrow-derived MSCs and cancer cells remains controversial. MSCs have been reported to play pro-tumorigenic roles and anti-tumorigenic roles [5] . Previous studies have shown that tumors can recruit MSCs into the microenvironment, where they can affect tumor cell survival, angiogenesis, and metastasis [6] [7] [8] . Further studies have shown that bone marrowderived MSCs are capable of delivering anti-tumor agents as a gene therapy vehicle to the tumor sites in certain types of cancer [9, 10] . The relationships between MSCs and lung cancer remain to be investigated.
Recent studies have shown the roles of MSCs in the microenvironment in lung cancer. MSCs may promote or inhibit lung cancer cell growth. Some studies have shown that radiation therapy enhances the recruitment of MSCs into the lung cancer microenvironment and is associated with cancer recurrence [11] . MSC-containing microenvironments can have been shown to enhance the activation of autophagy by stimulating epithelial-mesenchymal transition (EMT) and promote migration of A549 lung cells in vitro [12] . Also, bone marrow-derived MSCs have been shown to inhibit the proliferation of SK-MES-1 and A549 cells, and induce apoptosis of tumor cells in vitro [13] .
In 2011, Dai et al. showed that MSCs derived from lung cancer patients had abnormal phenotypes when compared with normal individuals, including increased growth kinetics, reduced expression of TGFbR-I, II, III, PDGFR-a, FGFR-I, EGFR, c-Myc and c-Fos [10] . Lung tumor cell-derived exosomes in the tumor microenvironment induce the pro-inflammatory activity of MSCs, which could support tumor growth [14] . Exosomes derived from A549 cells have been shown to inhibit osteogenic and adipogenic differentiation of adipose tissue-derived MSCs (AD-MSCs), which are involved in changes in long noncoding RNAs (lncRNAs) and mRNAs [15] . How the altered phenotype of MSCs in response to cancer cells and in other diseases impact tumor progression remains poorly understood.
In China, Astragalus membranaceus, known as Huang Qi, is one of the most commonly used anti-aging herbs in traditional Chinese medicine (TCM), and has been widely used to treat diseases including diabetes and myocardial infarction [16, 17] . Astragalus polysaccharide (APS) is the main active ingredient of Astragalus membranaceus and has pro-angiogenic and anti-inflammatory properties as well as protective effects on various organs [18] [19] [20] . Recent studies have shown that APS can reduce the proliferation of bone marrow-derived MSCs caused by ferric ammonium citrate-induced iron overload [21] . Treatment with APS also inhibits ionizing radiation-induced bystander effects in bone marrow-derived MSCs [22] , has significant antitumor activity in human lung cancer cells [23] , and exerts a protective effect on injury due to inflammation [24] . However, the role of APS in bone marrow-derived MSCs induced by lung cancer cells remains to be investigated.
Therefore, this study aimed to investigate the effects of APS, a traditional Chinese herbal medicine, on the changes induced in bone marrow-derived MSCs by A549 lung cancer cells in vitro.
Material and Methods
Cell culture and co-culture experiments with bone marrowderived mesenchymal stem cells (MSCs) and A549 lung cancer cells
Bone marrow-derived mesenchymal stem cells (MSCs) (Cyagen Biosciences Inc, Santa Clara, CA, USA) were cultured in complete medium containing 10% fetal bovine serum (FBS) and Dulbecco's modified Eagle's medium (DMEM/F12) (Hyclone, Logan, UT, USA). The A549 cell line (stored at -80°C) was maintained as a monolayer in RPMI 1640 culture medium (Gibco, Thermo Fisher Scientific, Waltham, MA, USA) containing 10% (v/v) heat-inactivated FBS (Sigma-Aldrich, St. Louis MO, USA), penicillin-streptomycin (Sigma-Aldrich, St. Louis MO, USA), and sodium bicarbonate. Cell aggregates were typically formed after 24 hours incubation at 37°C in a humidified atmosphere with 5% CO 2 . Culture medium was replenished every 2-3 days. Cell aggregates were grown in suspension for 3-5 days before they began to attach to the base of the culture bottle. When the cells covered 80-90% of the base of the bottle, they were digested with 0.25% trypsin to perform the co-culture experiments.
A non-contact co-culture system for bone marrow-derived MSCs and A549 lung cancer cells was established by using a transwell insert system. This system consisted of two chambers that were separated by a polyester (PET) film with a pore size of 0.4 μm (Corning, New York, NY, USA). The bone marrowderived MSCs (5×10 4 cells/chamber) were cultured in the upper chambers, and the A549 cells (1×10 in the bottom of a 6-well plate containing the complete culture medium. The same bone marrow-derived MSCs were cultured in 6-well plates (Corning, New York, NY, USA) containing the complete medium as a control group and cultured at 37°C, in 5% CO 2 . The culture medium was replenished every 48 h, and cell growth was observed under an inverted microscope. On the 7 th day, cell culture was terminated and single cell suspensions were prepared.
Four groups of cells were studied: A549 cells; untreated bone marrow-derived MSCs as the control group; untreated co-cultured bone marrow-derived MSCs and A549 cells (Co-BMSCs): and co-cultured bone marrow-derived MSCs and A549 cells treated with 50 μg/ml of Astragalus polysaccharide (APS) (CoBMSCs + APS). APS (purity >98%) was purchased from Shanghai Yuanye Biological Technology Company, China (ZD1219LA13).
Cell morphology and cell cycle assay
The cultured cells were observed every 24 h during culture to examine the changes in cell morphology using an inverted microscope. The harvested cell suspensions were fixed at 4°C in 70% ethanol overnight. Propidium iodide (PI) and RNase A at a final concentration of 50 μg/ml (Beckman Coulter, Inc., Brea, CA, USA) were added to the cells and incubated at 37°C for 30 min. After staining, the cells were washed with PBS. The cellular DNA content was determined using a Cytomics™ FC500 flow cytometer (FCM) (Beckman Coulter, Brea, CA, USA) to analyze the cell cycle, with three replicates per group and three analyses per replication. The results were analyzed graphically using Mod Fit LT software.
Cell counting kit-8 (CCK-8) proliferation assay APS was dissolved in dimethyl sulfoxide (DMSO) for the co-cultured cell assays. The final culture concentration of DMSO was £0.5%. Cell proliferation was analyzed by measuring cell viability with the cell counting kit-8 (CCK-8) assay in each group at different time points. The CCK-8 assay was performed according to the manufacturer's instructions. All cells in the groups were seeded into 96-well plates in triplicate at a density of 2×10 3 cells per well. Cell proliferation was detected at 3 days, 5 days, and 7 days. Then, 20 μl of 10% CCK-8 culture medium was added to the cells at each time point and incubated for 4 h at 37°C. After shaking for 10 min, the absorbance at 450 nm was measured using a Tecan Infinite M200 microplate reader (Tecan, Salzburg, Austria).
Colony forming efficiency assay
Bone marrow-derived MSCs during the exponential growth period were inoculated into a 6-well plate at a density of 100 cells/well, and six replicate wells were used for each group of cells. After 7 days, the bone marrow-derived MSC colonies were counted. The cultures were fixed with 4% paraformaldehyde for 15 min and stained with crystal violet/methanol (0.005% in 20% methanol) for 10 min. Colony formation was examined under a dissecting microscope. A group of more than 40 contiguous cells was counted as a colony, and the colonyforming efficiency (CFE) was calculated.
Microarray data analysis
Microarray data analysis was performed by Capital Bio Corporation (Beijing, China). Total RNA was prepared using the High Pure RNA Isolation Kit (Roche, Basel, Switzerland) for microarray analysis from three biological replicates of all cell groups. The quality of each RNA sample was assessed using the NanoDrop-1000 (NanoDrop Technologies, Wilmington, DE, USA) and the Agilent 2100 Bioanalyzer (Agilent, Santa Clara, CA, USA). Gene transcription profiles were generated using the Affymetrix GeneChip ® Human Gene U133 Plus 2.0 arrays, according to the manufacturer's instructions (Affymetrix, Santa Clara, CA, USA). Microarray data were analyzed using GenomeStudio software version 2011.1 (Illumina, San Diego, CA, USA) and normalized by GenomeStudio Gene Expression Module software version 1.9.0 (Illumina, San Diego, CA, USA). The hierarchical clustering and heatmaps of differentially expressed genes were produced by using Cluster 3.0 software. After clustering, the functional annotations of transcripts were determined by using DAVID Bioinformatics Resources version 6.8 [25, 26] .
Western blot
The protein expression levels were analyzed using Western blot. The total protein of the cells was extracted using cell lysis buffer (Qiagen, Venlo, the Netherlands), and 30 μg of each protein sample underwent 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) with transfer onto polyvinylidene fluoride (PVDF) membranes. The membranes were incubated with blocking buffer containing 5% dried skimmed milk powder and 0.1% Tween 20 (Bio-Rad, Hercules, CA, USA) at 37°C for 3 h, and washed three times with PBST and incubated in blocking buffer. The membranes were incubated in primary antibodies to RAS, P-ERK, NF-kB, P53, and caspase-3 (Abcam, Hong Kong, China) at 4°C overnight. The membranes were then incubated with HRP-conjugated goat anti-rabbit IgG secondary antibodies (Abcam, Hong Kong, China). The membrane staining was quantified using electrochemiluminescence (ECL) for advanced Western blot (Abcam, Hong Kong, China) using a gel imager with b-actin as a reference. The ratio between the target protein and reference protein in the same sample was expressed as the relative expression value of the protein.
Statistical analysis
All data were expressed as mean ± standard deviation (SD). The SPSS 17.0 software (SPSS Inc., Chicago, IL, USA) was used to determine statistical significance between groups. Oneway analysis of variance (ANOVA) was used to determine the significance the differences between the groups at p<0.05 or p<0.01 level by Tukey's multiple range test.
Results
The effects of treatment with Astragalus polysaccharide (APS) on the morphology of bone marrow-derived mesenchymal stem cells (MSCs)
This in vitro study included four groups of cells: A549 lung cancer cells; untreated bone marrow-derived MSCs; untreated bone marrow-derived MSCs co-cultured with A549 cells (CoBMSCs): and co-cultured bone marrow-derived MSCs and A549 cells treated with 50 μg/ml of APS (Co-BMSCs + APS). The morphology of the untreated control bone marrow-derived mesenchymal stem cells (MSCs) as the control cells were fibroblast-like, spindle-shaped and with adherent growth, with regular cell distribution, clear cell boundaries, and swirl-like growth ( Figure 1A ).
Following co-culture with bone marrow-derived mesenchymal stem cells (MSCs) cells for 7 days, A549 cells were irregular, polygonal, or fusiform ( Figure 1B ), Co-BMSCs cells showed abnormal morphology, and were small, disorganized, with irregular polygon overlapping growth ( Figure 1C ). The morphology of the Co-BMSCs treated with 50 μg/ml of APS, the Co-BMSCs + APS cells, were spindle-shaped, and homogeneous ( Figure 1D ). Co-BMSCs cells showed enlarged nuclei, with an irregular nuclear shape and density, and visible abnormal mitotic figures and these abnormal morphological changes of the control group and the APS-treated group were not observed ( Figure 1E-1G ). These results indicated that APS could improve the abnormal cellular morphological features of Co-BMSCs.
The effects of APS on the proliferation of bone marrowderived MSCs
The CCK-8 assay was used to study the proliferation of the bone marrow-derived MSCs in the cell groups. The data indicated that group Co-BMSCs showed faster growth than the control group, but 50 μg/ml APS could significantly inhibit the proliferation of Co-BMSCs, and had a similar rate of growth to that of the bone marrow-derived MSCs at the 5 th and 7 th days, compared with the Co-BMSCs (P<0.01) (Figure 2A ). The colony-forming count (CFC) of Co-BMSCs treated with 50 μg/ml of APS was significantly lower compared with the Co-BMSCs group (P<0.01), but was there was no significant difference with bone marrow-derived MSC group (P>0.05) ( Figure 2B ). These results indicated that APS could reduce the proliferation rate of Co-BMSCs.
The effects of APS treatment on the cell cycle
The cell cycle phases in the cultured cell groups were counted using the flow cytometry. Compared with bone marrow-derived MSCs, the number of G1-phase cells in Co-BMSCs group were lower and the number of G2-phase cells was significantly increased (P<0.01). Treatment with 50 μg/ml of APS (the CoBMSCs + APS group) significantly reduced the effect of CoBMSCs on the reduction of G1-phase cells and on the increase of G2-phase cells (P<0.01). There was no significant difference in the percentage of cells in the G1-phase and G2-phase between the bone marrow-derived MSCs and Co-BMSCs treated with 50 μg/ml APS (the Co-BMSCs + APS group) (P>0.05). The percentage of bone marrow-derived MSCs were 72.53±4.29% in the G0/G1-phase and 14.15±1.67% in the G2/M-phase. The percentage of cells were 63.57±3.57% in the G0/G1-phase, and 25.13±1.98% in the G2/M-phase in the Co-BMSCs cells.
In the Co-BMSCs + APS group, the percentage of cells was 69.87±2.21% in the G0/G1-phase, and 17.97 ± 1.67% in the G2/M-phase ( Figure 3A, 3B ). There were no significant changes between the cell groups for cells in the S-phase. These results indicated that treatment with 50 μg/ml APS significantly inhibited the effect of Co-BMSCs on cell cycle arrest.
Gene expression in the different groups of bone marrowderived mesenchymal stem cells (MSCs)
To investigate the difference of transcriptomes between the Co-BMSCs + APS group and the Co-BMSCs group, transcription profiles comprising 31,198 genes were determined with Affymetrix GeneChip ® Human Gene U133 Plus 2.0 arrays. There were 3,492 genes (upregulated: 1,858; down-regulated: 1,634) out of 31, 198 genes that were differentially expressed (fold change ³2; P-value £0.05) ( Figure 4A ). The 30 most differentially expressed genes are listed in Table 1 . Gene Ontology (GO) analysis of biological process showed that enrichment of the top 10 down-regulated mRNAs mainly participated in several biological processes associated with malignancy, including cell migration, cell motility, and cell adhesion. Enrichment of the top 10 upregulated mRNAs showed that they were involved in the negative regulation of biosynthetic processes and metabolic processes ( Figure 4B, 4C) . These transcriptional patterns supported that APS could improve the abnormal state of Co-BMSCs.
Protein expression levels
As shown in Figure 5 , when compared with the control cells, the protein expression levels of RAS, ERK, NF-PkB p65 in Co-BMSCs were significantly increased (p<0.01), while the expression levels of TP53 and caspase-3 in Co-BMSCs were significantly decreased, and APS significantly reversed these effects (P<0.01). Figure 6 shows that the protein expression level of acetylated H4K5, acetylated H4K8, acetylated H3K9 in Co-BMSCs were significantly increased, while APS markedly reduced the protein expression level of acetylated H4K5, acetylated H4K8, acetylated H3K9 in Co-BMSCs (P<0.01).
Discussion
Worldwide, lung cancer is the leading cause of mortality due to cancer, resulting in 26-28% of all cancer deaths [27] . The lung cancer microenvironment includes stromal cells, growth factors, cytokines and chemokines, which play an important role in the proliferation, survival, migration, and drug resistance of lung cancer [28, 29] . Mesenchymal stem cells (MSCs) are the precursors of stromal cells and they can inhibit lung cancer cell proliferation or promote lung cancer growth [30] . Also, MSCs from cancer tissue of lung cancer patients have been shown to accelerate growth kinetics, and reduce sensitivity to cisplatin [30] . MSCs from the bone marrow of lung cancer patients without bone metastasis have shown a low capacity for adipogenic and osteogenic differentiation and increased chondrogenic differentiation [31] . However, the role of the interaction between lung cancer cells and MSCs remains poorly understood.
The present in vitro study included four groups of cells, A549 lung cancer cells, untreated bone marrow-derived MSCs, untreated bone marrow-derived MSCs co-cultured with A549 cells (Co-BMSCs), and co-cultured bone marrow-derived MSCs and A549 cells treated with 50 μg/ml of Astragalus polysaccharide (APS) (Co-BMSCs + APS). In a previous study, we reported that Co-BMSCs showed a high rate of proliferation and abnormal changes in morphology, which are findings supported by those of the present study [32] . Previous studies have shown that lung tumor exosomes initiated changes in long non-coding RNA (lncRNA) [15] , and induced a pro-inflammatory phenotype of MSCs via the nuclear factor-kappaB (NF-kB) and Toll-like Receptor (TLR) signaling pathways [14] . The findings of the present study showed that the cell proliferation rate and abnormal changes of Co-BMSCs were associated with tumor and inflammation-associated signaling pathways, which require further study.
Astragalus membranaceus has been used as a health food supplement in some Asian populations and has also been used as a medical plant in many herbal formulations to treat a wide variety of diseases. APS is the main compound used in the treatment of inflammatory diseases and cancers and has recently been studied [19, 20, 23, 33] . It has previously been shown that APS has significant antitumor activity in human A549 lung cancer cells and NCI-H358 cells [23] , and APS inhibited the growth of Lewis lung cancer cells and enhanced the therapeutic effect when combined with cisplatin [34] . APS has been shown to inhibit cell apoptosis, and reduce the proliferation and differentiation of bone marrow-derived MSCs following ferric ammonium citrate-induced iron overload [21] . Zhang et al. reported that APS had protective effects on cell survival level of bystander cells cultured in conditioned medium and maintained the stability of the genome by reducing the number of 53BP1 foci and micronuclei [22] . Current understanding of the effects of APS on bone marrow-derived MSCs in the lung cancer microenvironment remains unknown. In the present study, the effects of APS on cell morphology, cell proliferation, and cell cycle in bone marrow-derived MSCs co-cultured with A549 cells (Co-BMSCs) showed that APS could improve abnormal cell morphology, reduced cell proliferation, and inhibited the effect of Co-BMSCs on cell cycle arrest.
Nuclear factor-kappa B (NF-kB) is a transcription factor that promotes the transcription of pro-inflammatory and anti-inflammatory genes and has been shown to be involved in cell survival and proliferation [35] . APS suppresses TNFa-induced adhesion molecule expression by blocking NF-kB signaling in human vascular endothelial cells [36] . APS treatment has been shown to inhibit NF-kB signaling and reduce colitis-related tissue injury in a mouse model [37] . APS has been reported to protect H9c2 cells against lipopolysaccharide-induced inflammatory injury, which may be partially due to the regulation of NF-kB signaling pathways [24] . The findings of the present study showed that APS inhibited the activation of NF-kB in bone marrow-derived MSCs cultured with A549.
The MAPK/ERK pathway plays an important role in cell proliferation. APS has been shown to increase the antitumor effects of apatinib by downregulating the phosphorylation of ERK [38] . The findings of the present study also showed that APS reduced RAS/ERK signaling in Co-BMSCs. APS reduced A549-induced tumorigenesis via MAPK/NF-kB signaling pathway in bone marrow-derived MSCs, which are consistent with previous findings that showed that APS inhibited ionizing radiation-induced bystander effects by regulating MAPK/NF-kB signaling pathway in bone marrow-derived MSCs [24] . The results of the present study also showed that APS reduced RAS and ERK protein expression levels in Co-BMSCs, decreased cell proliferation and abnormal morphological changes of CoBMSCs via the MAPK/NF-kB signaling pathway.
The apoptosis signaling pathway is important for cell proliferation and tumor growth and is mediated by caspases, including caspase-3. Previous studies have shown that APS protected human cardiac microvascular endothelial cells from hypoxiareperfusion injury by inhibiting the activity of caspase-3 [39] . APS enhanced the anti-proliferative and apoptotic effect of cisplatin by modulating expression of caspases in nasopharyngeal carcinoma cells in vitro [33] . The present study showed that the expression level of caspase-3 in Co-BMSCs was increased, which could be reversed by treatment with APS. Also, p53 is a tumor suppressor, and when its function is lost, tumorigenesis and cancer progression is induced [40, 41] . The present study showed that the expression levels of p53 protein of bone marrow-derived MSCs were upregulated by coculture with A549 cells, and APS suppressed these effects. Previous studies have shown that p53 and Ras contributed to different signal transduction pathways [42] . Inactivation of p53 and activation of Ras can induce the expression of the NF-kB gene, and NF-kB is regulated by p53 and Ras in carcinogenesis [43, 44] . The findings of the present study showed that the MAPK/NF-kB pathway, TP53, and caspase-3 were involved in the regulatory effects of APS on improving cellular function in Co-BMSCs, indicating the involvement of multiple signaling pathways in the effects of APS. 
